Bull effect on results of in vitro embryo production has been well documented. The aim of the present study was to find the relationship between quality of bull sperm chromatin and its effect on in vitro embryo production. Bovine in vitro matured oocytes were fertilized in vitro using capacitated spermatozoa (freshly ejaculated or frozen-thawed) of 12 bulls. Semen was simultaneously processed according to the sperm chromatin structure assay (SCSA) method and was analysed by flow cytometry. At least 3 replications of IVP with the same semen sample were done. The percentage of spermatozoa with abnormal chromatin ranged from 0.4% to 23.8%. All bulls used for the experiment were divided into three groups showing minimal (0.82%±6.82%), low (1.70%±15.82%) and high (18.16%±53.59%) percentages of spermatozoa with abnormal chromatin structure. Both cleavage rates and embryo development to the blastocyst stage were correlated significantly with sperm chromatin abnormalities and resulted in 23.1, 17.7 and 12.2% of blastocysts respectively for sperm with minimal, low and high percentages of chromatin abnormalities. The SCSA method may be used as a practical indicator of suitability of bull ejaculate for IVP purposes.
Introduction
Commonly used methods that evaluate semen quality microscopically are limited in reliability. Routinely determined parameters include semen concentration, percentage of motile spermatozoa, and type of motility. Microscopic analysis, which increasingly uses computers (CASA -Computer Assisted Sperm Analysis), and the survival rate of spermatozoa only indicate those ejaculates that are completely unsuitable for freezing and insemination. Moreover, microscopic analysis of sperm quality does not indicate its usefulness for in vitro fertilization (IVF).
Recently, flow cytometry has been used successfully to evaluate mammalian spermatozoa. Flow cytometry can be used to analyse many structures and functional characteristics of spermatozoa, such as cell membrane integrity (GARNER et al., 1992 (GARNER et al., ,1994 GRAHAM et al., 1990; RODRIGUEZ-MARTINEZ, 2001 ), mitochondrial activity (GRAHAM et al., 1990) , changes in spermatozoa surface during capacitation (ASHWORTH et al., 1995) , acrosome damage (FENICHEL et al., 1989; GRAHAM et al., 1990; UHLER et al., 1993; GILLES et al., 2001) , and chromatin structure and its "maturation" during spermatogenesis (KARABINUS et al., 1990 (KARABINUS et al., , 1991 SAILER et al., 1996) . Sperm chromatin structure assay (SCSA) is based on the assumption that structurally abnormal sperm chromatin is more susceptible to acid or heat denaturation (EVENSON, 1990) . The SCSA method takes advantage of the metachromatic properties of acridine orange. This dye fluoresces in the green band when combined with RNA and denatured DNA (DARZYNKIEWICZ, 1990) . After mild denaturation of chromatin through decreased pH, the fluorescence of spermatozoa with structurally abnormal chromatin is strengthened in the red band. A significant relationship has been found between fertility of bulls qualified for AI and the percentage of spermatozoa with high susceptibility to chromatin denaturation (BOCHENEK et al., 2001) . Results of IVF in cattle indicate that individual bulls differ in their contribution to both fertilization and embryonic development (EYESTONE and FIRST, 1989; HILLERY et al., 1990; BARANDI et al., 1993; KĄTSKA and RYŃSKA, 1994; GALLI et al., 2003) . Some bulls perform better than others and a small proportion (<5%) performs really very poor (GALLI et al., 2003) . However, reasons for these differences have not been recognized. From a practical point of view, establishing methods that allow the use of IVP semen from unselected bulls with a satisfactory efficiency seems to be an unsolved problem. In this respect, the present study was undertaken to examine the relationship between quality of bull sperm chromatin and its effect on in vitro fertilizability and developmental capacity of in vitro matured oocytes.
Material and Methods
In vitro maturation. Bovine ovaries were collected at the local abattoir and were transported to the laboratory at 28 to 30ºC within 2 to 3 h of slaughter. The ovaries were washed three times in warm PBS supplemented with 0.075 g kanamycin l -1 . Cumulus-oocyte complexes (COCs) were freed from ovaries following the isolation and subsequent rupture of vesicular follicles 2 to 8 mm in diameter in manipulation medium (KĄTSKA et al., 1996) . The manipulation medium consists of TCM-199, Earle's salt with glutamine and without sodium bicarbonate, buffered with 25 mM Hepes and supplemented with 10% fetal calf serum (FCS). Oocytes with compact cumulus and evenly granulated cytoplasm were cultured in 2 ml of TCM-199 (Earle's salt, buffered with sodium bicarbonate, pH 7.4) supplemented with 20% estrous cow serum (ECS, heat inactivated) and an additional 3 to 5 x 10 6 granulosa cells ml -1 . Oocytes were cultured for 22 to 23 h at 38.5ºC in humidified atmosphere (KĄTSKA et al., 1996) . In vitro fertilization. Mature COCs were washed and partially deprived of expanded cumulus cells before being transferred in groups up to 10 into 40 µl fertilization drops of TALP-IVF (PARRISH et al., 1988) containing a PHE mixture consisting of penicillamine (20 µM; Sigma), hypotaurine (10 µM; Sigma) and epinephrine (1 µM; Sigma) and 10 µg of heparin-sodium salt/ml of TALP-IVF medium. Frozen semen of 12 bulls obtained from Polish animal breeding stations was used for the experiment. All semen samples were characterized by similar morphological parameters (motility after thawing above 50%, similar survival time and morphology of spermatozoa). Semen was simultaneously used for IVF and tested for the quality of chromatin. Semen was thawed in a water bath at 37ºC and expelled from the straw into 1 ml calcium ion-free TALP medium (PARRISH at al., 1988) at 37ºC. To remove the extender the samples were centrifuged at 300 x G for 10 min. After extracting the supernatant, motile spermatozoa were obtained by centrifugation of sperm suspension on a discontinuous Percoll (Pharmacia, Uppsala, Sweden) density gradient (1 ml 45% Percoll over 1 ml 90% Percoll) for 30 min at 300 x g at room temperature. Viable spermatozoa, collected at the bottom of the 90% fraction, were washed in calcium ionfree TALP medium and pellet by centrifugation at 100 x g for 10 min. Spermatozoa were counted in a haemocytometer and diluted up to approx. 3-5 x 10 7 sperm/ml in the calcium ion-free TALP medium. This suspension was added to fertilization drops to give the final concentration of 1-2 x 10 6 spermatozoa/ml. Gametes were incubated together for 20 to 22 h at 39ºC under 5% CO 2 in air. Sperm chromatin structure assay (SCSA). For chromatin denaturation and staining we followed the two-stage SCSA protocol (BOCHENEK et al., 2001 ). We added 0.4 ml of solution A (consisting of 0.1 ml of Triton X-100, 8.0 ml of 1.0 N HCl, 0.877 g NaCl diluted in 2 x distilled H 2 O to final volume of 100 ml) to 0.2 ml of sperm suspension containing 1 x 10 6 spermatozoa/ml of PBS medium. After 30 sec, 1.2 ml of solution B (containing in 100 ml of citric-phosphate buffer 0.877 g NaCl, 0.034 g EDTA-Na 2 and 0.6 ml of acridine orange solution with concentration of 1 mg/ml) was added and after additional 3 min we proceeded to the cytometric analysis. Staining procedure and flow-cytometrical examination were carried out at 4ºC. A Coulter Epics Elite flow cytometer was used. Acridine orange was excited at 488 nm and 35 mW laser beam. Fluorescence was read out through 550DL and 525BP filters in the green band and through a 675BP filter in the red band. To standardize all analyses, the same frozen/thawed ejaculate was used to calibrate the cytometer. Five thousand spermatozoa were measured for each semen sample (BOCHENEK et al., 2001) . Embryo culture. After 22 to 24 h of gametes incubation, the oocytes were washed, freed of attached cells and transferred into 40 µl drops of B 2 medium (C.C.D., Paris, France) under mineral oil for 20 to 24 h (40 to 44 h post insemination). Then, uncleaved ova were discarded and embryos were placed in co-culture with Vero cells in 500 µl of B 2 medium into 4-well dish for a further 6 to 8 days culture, i.e. up to the hatched blastocyst stage (KĄTSKA et al., 1998) . Medium in co-culture was partially changed every 48 h.
Results
The results of cytometric analysis of chromatin structure showed a large variation among ejaculates of different bulls. The COMP αt parameter reflecting the percent of spermatozoa with abnormal chromatin ranged from 0.37 % (Fig. 1) to 23.83% (Fig. 2) .
The other parameter, SD αt , revealed a similar trend ranging from 6.27% to 76.50% (Table 1) . When these sperm samples showing the differentiated quality of their chromatin were used for in vitro embryo production (IVP) results were highly differentiated and it was difficult to analyse them (Table 1) . Therefore, on the basis of chromatin structure quality all bulls used for the experiment were divided into three groups showing minimal (0.82%), low (1.70%) and high (18.16%) percentages of spermatozoa with abnormal chromatin structure ( Table 2) . The comparison of the fertilizability of frozen-thawed sperm with minimal, low and high percentages of spermatozoa with abnormal chromatin indicated that significantly more (P<0.01) oocytes cleaved and reached the blastocyst stage when for the in vitro fertilization was used sperm showing the minimal percentage of defective chromatin structure (Table 2) . However, the quality of sperm chromatin structure has not affected hatching ability of produced blastocysts (Table 2) . Moreover, it was observed that even using sperm (of the bull no. 8) with the highest content of damaged chromatin (23.83) it was possible to obtain 10.1% of the blastocysts (Table 1) .
Discussion
The previous experiments (EYESTONE and FIRST, 1989; KĄTSKA et al., 1994 KĄTSKA et al., , 1996 have shown that in terms of factors affecting the outcome of IVP bull variability has appeared to be the main source of differentiation in the efficiency of this technology. In trying to find the explanation for the differentiated susceptibility of sperm of individual bulls to in vitro capacitation, which consequently reflected differences in their contribution to both fertilization and embryonic development, we have suggested that these differences may be caused by the defective chromatin structure. Therefore we conducted a comprehensive study that simultaneously compared quality of chromatin structure and the efficiency of IVP using frozenthawed sperm of several bulls showing similar morphological parameters of sperm. Both the results of cytometric analysis of chromatin structure and efficiency of IVP with the same sperm samples showed a large variation among ejaculates of different bulls. It is well known that the outcome of IVP can be affected by several factors. Besides already mentioned bull effect a second factor affecting IVP success rate is the cumulus oocyte complex (GALLI et al., 2003; LONERGAN et al., 2003) . In fact, even a homogenous population of oocytes with a cumulus cell mass as similar as possible cannot guarantee the same developmental competence; therefore, cow effect on IVP results is also considered (LONERGAN et al., 2003) . It seems that several replications of IVP with reasonable amount of oocytes allow eliminating, at least to some degree, these ranges in oocyte developmental competence. In trying to reduce as much as possible the cow effect on IVP results we have decided to combine results for sperm with minimal, low and high percentages of defected chromatin structure. The summarized data presented in Table 2 clearly shows the effect of quality of bull sperm chromatin structure on the in vitro embryo production efficiency. When sperm with minimal content of damaged chromatin was used for IVF, the highest efficiency of in vitro produced blastocysts was observed. The earlier experiment of SAILER et al. (1996) has established the correlation between chromatin defects and as many as 16 morphometric parameters of bull spermatozoa. However, it was suggested that some spermatozoa with defective chromatin might be morphologically normal and even capable of penetrating an oocyte (GORCZYCA et al., 1993; DARZYNKIEWICZ et al., 1997) . Our present study seems to support this hypothesis. All semen samples were to some extent uniform with respect to motility, survival time and capacity for freezing. Therefore, morphological characteristics have similar effect on fertility of all tested semen samples and chromatin structure is rather independent of other semen parameters. This evidence also shows that chromatin structure defects of spermatozoa cannot be observed microscopically, but should be evaluated using flow cytometric analysis after induced denaturation. Comparing the effect of sperm with relatively higher (3.55%-5.09%) and lower (2.03%-2.61%) COMP αt on the numbers of embryos and non-fertilized eggs Smorąg et al. (2000) observed a correlation between sperm chromatin damages in the semen used for AI and the numbers of morphologically normal embryos and non-fertilized eggs that were collected from superovulated donors. The SCSA method, according these authors, is useful for the selection of semen samples with the greatest potential for recovering fertilized, normal embryos from superovulated donor cows. Interestingly, in our experiment it was observed that even sperm with the high content of damaged chromatin was capable of penetrating and fertilizing the oocytes and consequently 10% of blastocysts was produced. However, it has been found (LARSON et al., 2000) that as much as 27% of spermatozoa with abnormal chromatin in human semen resulted in no pregnancies following assisted reproduction.
Therefore it would be very interesting to find a similar "threshold" for bulls. However, for these purposes developmental competence of embryos should be determined after ET to synchronized recipients. It will identify the real effect of defective sperm rate on IVP embryo competence.
